Somaclonal variation that possibly occurs during the process of plant tissue culture is considered to provide a source of new germplasm. Polyploidy is one of the most frequent incidents among the somaclonal variations. In the present study, we performed cytological and morphological characterization of tetraploid plants that were obtained from long-term subcultured callus culture of Lilium longiflorum. ). The average number of stomata in leaves of somaclonal tetraploids was less than in control plants, but thicker leaves with greenish color and the alteration of the shape of guard cells were detected in these tetraploids.
INTRODUCTION
In addition to micropropagation, plant cell and tissue culture has been extensively reviewed as a potential source for somatic variability for use in plant breeding. The process of dedifferentiated callus and suspension cultures could induce chromosomal changes (Syono, 1965) . This has been known in terms of somaclonal variation (Larkin and Scowcroft, 1981 ) that may present alterations in phenotype, physiology, cytology and molecular characteristics from the original plants. On account of the genetic instability of plant cell culture, high possibility of the variations probably occurs in plantlets Proc regenerated from long-term subculturing cell suspension or callus cultures. These are seen as various types of somaclonal variations, especially in chromosomal changes, i.e. polyploidy, aneuploidy, chromosome breakage, deletions, translocation, etc. (Bajaj, 1990) . Cytological variations in garlic (Allium sativum L.) resulted in a mixture of tetraploid, aneuploid and mixoploid individuals. These somaclones subsequently produced higher bulb weights than the parental clone (Novák, 1980) . Triploid banana (Musa spp.) derived from somaclonal variation were taller, had more and larger fruit, and had deeper color (Vuylsteke et al., 1991) . Diploid somaclones of grapevine (Vitis vinifera 'Podarok Magaracha') were found to resist fungal pathogens (Botrytis cinerea and Plasmopora viticola) and/or have larger fruits and bunches than the initial plants (Kuksova et al., 1997) . Sexual reproduction is also affected, a complete sterility of Pisum sativum was found in somaclones derived from somatic embryogenesis (Griga, 2000) .
In Easter lily (Lilium longiflorum), a commercial ornamental bulb, Sheridan (1974) reported chromosomal stability of calli-derived plant regenerated after a 7-year callus culture. Priyadarshi and Sen (1992) reported no morphological or chromosomal variations of regenerants from 3-year mass propagation of callus culture in L. longiflorum. However, Supaibulwatana and Mii (1998) reported somaclonal variations in long-term subculturing suspension cultures of friable green calli using flow cytometric analysis. Thereafter, Purwantoro et al. (1999) confirmed a high frequency of somaclonal variation at the DNA level using RAPD (Random Amplified Polymorphic DNA), although no variation was observed by karyotypic and flow cytometric analysis.
In this present report, in vitro plantlets of L. longiflorum derived from friable-green calli mained for 3 years were screened for somaclonal variations. The characteristics of the somaclones were confirmed at molecular and cytological (using flow cytometry, squash technique, karyotypic analysis) levels. The anatomy and morphology of somaclones were also observed in comparison to control.
MATERIALS AND METHODS

In Vitro Culture System of L. longiflorum for Selection of Somaclonal Variations
In vitro culture of L. longiflorum 'Georgia' was modified according to Supaibulwatana and Mii (1998) . Callus was induced and maintained by regular subculture (every 30 days) onto 0.7% (w/v) agar-solidified MS medium (Murashige and Skoog, 1962) containing 1 mg L -1 picloram, 3% (w/v) sucrose and pH 5.7. The cultures were incubated at 25±2°C. Shoot regeneration was induced after 3 years of culture by transferred the calli to regeneration medium (half strength-macronutrient MS medium supplemented with 0.1 mg L -1 NAA, 0.25 mg L -1 BA and 1.5% sucrose). Plantlets with complete shoot/root and bulblet formation were regularly proliferated on MS medium supplemented with 1 mg L -1 NAA, 2 mg L -1 BA and 3% sucrose. Somaclonal variations were then investigated in comparison with control plant obtained from ex vitro bulbscale.
Characterization of Somaclonal Variations 1. Cytological Analysis. Flow cytometric (FCM) analysis was performed (Mishiba and Mii, 2000) using a Partec PA cytometer™. In order to release nuclei, leaf tissue was chopped in solution-A of Plant High Resolution DNA kit type P (Partec GmbH-Munster™) in a plastic Petri dish. After incubating the crude nuclei suspension for 5 min at room temperature, staining solution (10 mM Tris, 50 mM sodium citrate, 2 mM MgCl 2 , 1 % (w/v) PVP, 0.1 % (v/v) Triton X-100 and 2 mg L -1 4',6'-diamidino-2-phenylindol (DAPI), pH 7.5) was added and filtered through a 30 µm nylon mesh. After 5 min staining, nuclei suspensions were injected to the cytometer. The peak height can be considered as the relative number of nuclei at each ploidy level.
The chromosome numbers and structures were investigated using the squash technique modified from Kurata and Omura (1978) . Root tips of regenerated plants were excised prior to immerse into 8-hydroxyquinoline for 14 h, and then treated with absolute ethanol:glacial acetic acid (3:1) for 30 min. The chromosome-fixed root tips were 169 immersed into 2% acetocarmine at least 15 min for staining. Stained-root tips were cut into thin pieces and squashed on a glass slide under 45% acetic acid. Chromosomes were observed under the microscope to determine ploidy level and karyotypic characteristics. 2. Molecular Analysis Using RAPD. Total DNA was extracted (Inai et al., 1993 ) from 20 mg of in vitro-leaf tissues. Fresh leaf tissues were homogenized prior to adding 150 µl buffer (20T-10E, 20 mM Tris-HCl and 10 mM EDTA) and 20 µl 10% SDS. The mixture was incubated at 70°C for 15 min before adding 110 µl of cold 5 M NH 4 OAc, and vigorously mixing. DNA was precipitated with 400 µl isopropanol. After being washed with 70% ethanol, it was dissolved in 1/10 TE buffer (10 fold dilution of 10 mM Tris HCl and 1 mM EDTA, pH 8.0), and kept at -20°C. The random sequence decanucleotide primers from Operon ® kits were screened as molecular marker for identification. DNA was amplified using a programmable DNA thermal cycler (GeneAmp 2400 or 9700, Perkin Elmer-USA). Three-step cycling was performed as 3 cycles of 94°C for 1.30 min, 41°C for 1 min and 72°C for 1 min; followed by 27 cycles of 94°C for 1 min, 41°C for 1 min and 72°C for 1 min; ending with 1 cycle of 94°C for 1 min, 41°C for 1 min and 72°C for 8 min (Martin, 1991) . Amplification products were analyzed by electrophoresis in a 1.5 % (w/v) agarose gel using TBE buffer (40 mM Tris-borate and 1 mM EDTA, pH 8.0), and staining with ethidium bromide. The DNA bands were visualized on UV transilluminator (366 nm), and photographed by using the GelDoc program. 3. Observation of Leaf Anatomy and Morphology. Leaflets from different plantlets were cross sectioned by a razor blade into thin pieces (< 1 mm). They were immersed in 70% ethanol overnight. Leaf structure was observed under a microscope. For the guard cell study, leaflets were cut and the abaxial side spread with fixative solution. After drying, the lower epidermis layers were peeled off with tape, and fixed onto slide glasses. The number, size and shape of guard cell were evaluated within the 66.57 mm 2 of leaf area observed under 40x microscopic extension. In addition, the overall morphology of in vitro plantlets was recorded by photograph.
RESULTS
Detection of Somaclonal Variation
Plant regeneration was induced from the friable green calli of L. longiflorum maintained for 3 years on 0.7% (w/v) agar-solidified MS medium supplemented with 1 mg L -1 picloram and 3% (w/v) sucrose. Genomic variations in micropropagated plants were detected using FCM based on the use of DNA-specific fluorochromes and on the analysis of the relative fluorescent intensity of stained nuclei. The resulting fluorescent emission can be quantified by an optical system, and directly related to the nuclear DNA content. Positive detection of somaclonal variation in L. longiflorum was demonstrated after standardizing the control sample for detection of the typical diploid peak. Flow cytometric histograms of control plantlet was observed using the leaflet samples of in vitro plantlet directly derived from ex vitro bulbscale without callus formation, indicating the diploid peak of 2x (Fig. 1A) . Ploidy level of plantlet code no. V26 also illustrated a diploid set of chromosomes (Fig. 1B) , however the FCM histograms of the regenerants code no. V5 (Fig.  1C) and V18 (Fig. 1D) showed tetraploidy. Cytological analysis of somaclonal variation was confirmed using squash technique by counting the chromosome numbers at metaphase stage. Among 30 plantlets regenerated from 3 years old callus cultures, 6.7% were tetraploid (2n=4x=48) (data not shown).
In order to elucidate chromosome structure between the diploid (control) and tetraploid plants, karyotypic analysis was performed on data obtained from the squash technique. The chromosome pairs were confirmed by ideogram (data not shown) demonstrating from the graph between CI as abscissa axis and RL as ordinate axis. Karyogram of diploid L. longiflorum normally consists with 12 pairs (2n=2x=24) of chromosomes ( Fig. 2A) with 4-large submetacentric, 12-medium acrocentric, 4-medium telocentric, 2-small acrocentric and 2-small telocentric chromosomes (L 4 sm + M 12 a + M 4 t + S 2 a + S 2 t ). Karyotypic pattern of a tetraploid (code no. V18) revealed a completely duplicated set of chromosomes ( Fig. 2B ) with 8-large submetacentric, 24-medium acrocentric, 8-medium telocentric, 4-small acrocentric and 4-small telocentric chromosomes (L 8 sm + M 24 a + M 8 t + S 4 a + S 4 t ). In order to identify the genotypic variations in all lily somaclones, various techniques would be investigated at both cytological and molecular levels. RAPD could be used to clarify the differences among clones. Although the ploidy set of somaclone V26 was not different from controls, variation at the DNA level was demonstrated by polymorphisms after screening with suitable Operon primer (data not shown).
Characterization of Lily Somaclone
Different characteristics of leaf and guard cell among somaclones and control plantlets were observed under the microscope. Although no significant difference was detected in the thickness of leaf and upper epidermis layer (Fig. 3) , the patterns of leaflet structure in tetraploid somaclones (Fig. 3B-C, top row) were not the same as in the control (Fig. 3A, top row) . Plantlet V5, a tetraploid somaclone, possessed a thick leaf with curved shape while another tetraploid somaclone (V18) appeared most like a control leaf but had a thicker upper epidermis and more a loose arrangement of mesophyll cells.
The lily somaclones also showed variation in numbers, lengths, and configuration of guard cells (Fig. 3, bottom row) . Guard cell structure of control plant had taper shape where embedded in well parallel leaf-vein (Fig. 3A, bottom row) . The tetraploid plants (Fig. 3B-C , bottom row) showed disorganized leaf-vein, more spherical shape of guard cell and had significant variation in number and size when compared to control. The numbers and size of guard cell were inversely related. The plantlets with large size of guard cell usually had less numbers of guard cell. For example, the lowest guard cell numbers (8.00 ± 0.41) were typically observed in a diploid somaclone V6, which was about 50% less than control; these were, however, the largest (68.75 ± 0.7 µm in length), about 36% larger than control (data not shown). In addition, the morphological characterization among control and somaclones was investigated. The results revealed that leaflet and bulblet morphology differed among the somaclones. Some diploid somaclones such as V29 had altered clump shape (due to loss of its bulb characteristic) and the leaflet color was lighter than the control (data not shown). Tetraploid somaclone V18 showed thick, long, intense-green and more numerous than control.
DISCUSSION
Micropropagation of genetically identical plants is one of the main goals of commercial plant tissue culture. However, during the mass propagation process, genetic variability is occasionally detected especially when plant regeneration is induced from callus or cell suspension cultures. It was previously assumed that plants regenerated via organogenesis are usually associated with genetic and chromosomal variability, whereas regeneration via embryogenesis is related to genetic uniformity (Ogura, 1990) . Conversely, this genetic variability could provide a great source of new genotypic plants with useful characteristics. Plant tissue culture-derived somaclonal variation has given rise to a wide spectrum of genetic resources. Long-term subculturing of callus and suspension cultures in the media supplemented with 2,4-D has been reported to induce a high frequency of somaclonal variation (Larkin and Scowcroft, 1981) . The current report is the first to demonstrate that the synthetic auxin, picloram, can induce genetic variation in tissue cultured plants. Although Sheridan (1974) previously showed that L. longiflorum could sustain its chromosome stability even after 7 years in callus culture, our results show that calli regularly maintained in 1 mg L -1 picloram-containing media for 3 years could generate polyploid somaclones without loosing their totipotency.
The ploidy instability in long-term suspension cell cultures of L. longiflorum was first addressed using flow cytometric analysis (Supaibulwatana and Mii, 1998) . Flow cytometric histograms can rapidly confirm ploidy levels, but cannot reveal the characters of chromosomes. Although RAPD analysis could verify the different DNA patterns of L. longiflorum between control and callus cultures-derived regenerants (Purwantoro et al., 1999) , the cytological variation of these somaclones had not ever been investigated. In the current study, genetic variations among control and somaclones of L. longiflorum was precisely confirmed at both cytological and molecular levels.
Generally, genetic variation was first detected as alterations in chromosome number. The most frequently observed somaclonal variation is polyploidy (Nagl, 1990 ). In the current study, polysomaty was frequently observed in long-tsubcultured calli. The regenerated plants induced from 3-year-old calli were mostly mixoploids (2x/4x) at the first period of regeneration. Thereafter, detection of tetraploid somaclones (code V5 and V18) was seen after 2 years of plant regeneration. In case of the tetraploid clone V18, the karyotypic patterns exemplified the conformable duplication of each type of chromosome from normal diploid into tetraploid. Notwithstanding, it would be noted that the complete duplication of structural chromosome was not observed in all tetraploid plants. On the other hand, a low percentages (6.7%) of polyploid was detected and most of somaclonal variation events in L. longiflorum included structural changes of chromosomal DNA where the ploidy set was still diploid (data not shown). Gould (1982) reported that gross rearrangement of the karyotype was frequently found in cultured cells, although chromosome number in cultured cells was the same as in the original explant tissue. This indicated that chromosome number appears to be a poor indicator of chromosomal stability in plant tissue culture. Although no karyotypic change was detected, DNA aberrations may occur thereby inducing different morphologies as suggested by Purwantoro et al. (1999) . Therefore, more specific molecular protocols should be used for a complete understanding of the genetic basis of somaclonal variation.
The lily somaclones exhibited different anatomy and morphology from control plants. These differences indicated that variations were occurring at both genotypic and phenotypic levels. Considering the tetraploid somaclones which had neither highest numbers nor largest size of guard cells, one is tempted to speculate that the duplication of chromosome number was not related to the increment of guard cell size, number and also the thickness of leaf and epidermis layer. In such cases of diploid somaclones that had leaf structure and extensive size of guard cell differed from control would confirm for the effect of DNA aberrations on phenotypic changes of the plant. There are reports of single gene changes affecting plant morphology, cellular physiology, and protein structure, the change in agronomic traits usually inherited in quantitative fashion (Earle and Kuehnle, 1990) . Therefore, it seems likely to obtain the novel traits that have different properties. Since Easter lily is one of the most popular ornamental bulbs, novel characteristics such as change in the color, size and/or shape of the flower and plant habit may provide new and useful traits for L. longiflorum. Problems such as pests, diseases, and environmental stresses, still play a significant role in limiting lily productions; perhaps the techniques above could be an attractive source of material that could be investigated for these mentioned properties. It would suggest that field trials for plant morphological and physiological studies would provide the useful information to qualify the phenotype of these somaclones, which can use as an important source of lily breeding. of Lilium longiflorum (A) that was 2x=24 with the plantlets regenerated from long-term subcultured callus culture. The ploidy level V26 (B) was diploid, whereas V5 (C) and V18 (D) were tetraploid (2x=48). 
